Olea europaea, a native plant of the Mediterranean region, is of great interest to agronomists worldwide, owing to its health beneficial properties and tolerance to harsh environmental conditions, along with its economic importance. The productivity and production efficiency of olive is linearly related to both the level of transpiration and the amount of water supplied. Under conditions of limited supply of good quality water for irrigation in Kuwait, deficit irrigation applied at selected phenological stages can maximize economic gains and minimize environmental damage. Moreover, mulching contributes to a significant reduction in water requirements via reducing soil water losses and increasing soil water retention. In this study, the effects of different irrigation levels, a restitution of 50%, 75% or 100% of the estimated evapotranspiration rate (ETc), and the application of mulching on plant growth under the Kuwait environmental conditions were determined to evaluate the possibilities of reducing the amounts of water supplied with irrigation. Various parameters determining the vegetative growth of the trees such as average height, stem girth and number of branches were recorded at three months intervals. Both the irrigation level and mulching were shown to possess a significant impact on growth of Sourani olive cultivar under the Kuwait environmental conditions. Statistical analysis revealed no significant difference in the height of the trees under all the three irrigation treatments with mulch and trees under 100% ETc devoid of mulch. In contrast, a significant difference was exhibited by trees under 100% ETc with mulch and 50% ETc without mulch. Within each irrigation treatment, trees with mulch presented higher values for plant height, stem girth and number of shoots. Thus deficit irrigation of 50% ETc along with organic mulch was shown to enhance vegetative growth close to its maximum potential by conserving the scarce water resources.
Introduction
Olive is considered as one of the most important crops in the world, with a total cultivated area over 9.6 million ha in 2011 and an average yield of 2.1 t/ha (FAO, 2013) [1] . Olive trees were first introduced and evaluated by the Kuwait Institute for Scientific Research (KISR) in 1985 (Taha and Bhat, 2002) [2] . Later in 1990, approximately 300 seedlings were planted in Green Island in the waterfront project. While all trees flourished and grew very well, only some produced fruits. Since then, public interest in this plant has increased considerably. Recognizing the enormous potential of this tree, KISR developed and implemented a comprehensive research program for developing sustainable olive growing in Kuwait.
According to Ramos and Santos (2009) [3] , the irrigation of olive trees increases the fruit bearing capacity, allowing the expansion of cultivation into regions that are too dry for rain fed production. Razouk et al. (2013) [4] reported that the irrigation during the early phase of fruit growth in an irrigation study in the climatic conditions of Morocco conducted over two years improved vegetative growth and increased yield without significant loss of olive oil content with a good efficiency of water use.
The scarcity and high cost of water in Kuwait demand a careful determination of the optimal economical impact of any amount of water applied. Although the yield increase in several perennial crops is linearly related to the level of transpiration, the effect of added irrigation water, in many cases, is not. Hence, the effectiveness and economic value of each cubic meter of water used, versus full irrigation systems, must be evaluated. Goldhamer (1999) [5] reported that reducing the optimal irrigation requirement of olive trees in summer by 25% did not reduce the final fruit yield under California's environmental conditions. Martinellia et al. (2012) [6] mentioned that primary metabolites, such as carbohydrates, amino acids, organic acids, and secondary metabolites, such as squalene and simple phenols, increased after performing irrigation, while polyphenols level increased in the rain fed fruit which at ripening showed an increase in anthocyanin concentration.
According to Chehab et al. (2009) [7] , reduction of irrigation water (50% ET c ) induced higher accumulation of glucose in the leaves and the wood of Meski, and an accumulation of mannitol and glucose in the wood, and mannitol in the leaves of Picholine olives. Therefore, the present trend of olive tree irrigation is to develop either sustained deficit irrigation (SDI) or regulated deficit irrigation (RDI) strategies, according to which water is applied at a rate that is less than the needs of evapotranspiration, with only very small reductions in yield (Goldhamer, 1999) [5] . Ramos and Santos (2010) [8] reported that olive oil production of sustained deficit irrigation (SDI) treatment with 60% of ET c water applied with irrigation was 32.5% and 40.1% higher in 2006 and 2007, respectively than the fully irrigated treatment, despite receiving 49% less irrigation water. Such strategy could allow for an efficient use of water in the region, of very limited available resources, and for modest, but important oil yield increase.
The SDI applies a fixed fraction of the ET rate throughout the irrigation season, while the RDI imposes a period of water stress that is controlled in terms of its intensity. The main advantages of SDI and RDI are the savings of water, maintenance of high yields, and positive effects on olive oil quality. Under conditions of scarce water supply and drought, the application of SDI and RDI irrigation regimes at selected phenological phases can lead to greater economic gains rather than simply maximizing yields per unit of water as shown by Tognetti et al. (2006) [9] . Crop-water balance models can assist in defining optimum canopy size for productivity and survival.
Another factor that can affect the amount of water to supply with irrigation is mulching. Indeed, especially in arid environments, the application of this technique can contribute to a significant reduction in water requirements, as a result of both a decrease of soil water losses and an increase of soil water retention.
In order to evaluate the possibilities of reducing the amounts of water supplied with irrigation, it was carried out the present investigation to determine the effects of different irrigation levels, namely, a restitution of 50%, 75% or 100% of estimated ET c , and the application of mulching on plant growth under the Kuwait environmental conditions.
Materials and Methods
Experimental design: The experiment was conducted at the Agricultural Research Station (ARS) situated in Sulaibya, Kuwait in October 2012. Ninety one-year old acclimatized plants of the Sourani variety were planted in 50-cm diameter holes dug at 6 × 6 m spacing. After planting, the plants were irrigated with available freshwater and fertilized by supplying 150 N + 80 P 2 O + 100 K 2 O gm/tree. A complete randomized block design with six factorial combinations which constituted of three irrigation levels (T1 = 50%, T2 = 75%, and T3 = 100% of estimated ET c ) ( Table 1 ) and organic mulch treatment (wood cuttings) was tested. Water meter was used to measure the required volume of water supplied through drip irrigation system.
The actual crop evapotranspiration (ET c ) of young olive plants was determined using capacitance probe, which measured apparent dielectric constant of the soil surrounding the sensor. Reference evapotranspiration (ET 0 ) was calculated using the FAO-Pennan-Monteith equation and procedure described by Allen et al. (1998) [10] . Crop coefficient (Kc) was estimated on a daily basis and averaged monthly using the equation as follows:
Several vegetative growth parameters of the trees such as average height, stem girth and number of shoots per plant were studied.
Results

Plant height:
The pooled analysis of variance on the six factorial combinations obtained with three irrigation levels (100% ET c , 75% ET c , and 50% ET c ) and two organic mulch treatments (with or without mulch) after 18 months post planting indicated no significant difference in the height of the trees under all the three irrigation treatments with mulch and trees under 100% ET c devoid of mulch. In contrast, a significant difference was observed between these trees and trees under 75% ETc and 50% ET c with no mulch ( Table 2) Stem girth: The statistical analysis of interactive effect of irrigation and mulch on stem girth of trees reported no significant difference between the treatments ( Table 3) . Similarly no significant effect was imposed by irrigation on trunk diameter of young olives in the initial growing season in a previous study (Gómez-del-Campo, 2013) [13] . In contrast, Tedesco et al. (2010) reported an increase in the trunk cross sectional area with the amount of irrigation applied.
Number of shoots: The number of shoots per plant increased during the experiment in all the trees. The statistical analysis after 18 months post planting reported no significant variation in the number of shoots produced by trees under 100% ET c , 75% ET c , 50% ET c with mulch and 100% ET c and 75% ET c without mulch (Table 4) . However, the number of shoots produced by plants under these treatments varied significantly from those trees under 50% ET c without mulch. This reduction in the shoot growth was in agreement with the results obtained from previous studies on the effect of water status on shoot growth under deficit irrigation conditions (Tognetti et al.; 2006Grattan et al., 2006 [9] [14] .
Water-use efficiency: The amounts of water supplied, calculated according to monthly estimations of crop evapotranspiration (ET c ) and restitution of 50%, 75% and 100% of estimated ET c are reported in Table 1 . The ratios between plant height or stem girth, or number of shoots at 18 months and the average amount of water supplied monthly to trees indicate a higher water-use efficiency if the water-use efficiency is considered, it appears that an efficient use of water and a relatively good growth could be obtained with 75% ET C or, even better, with 50% of ET c + mulch.
Conclusion
The study highlighted the significant and positive effects of both irrigation level and mulching on plant growth. Analysis of various growth determining parameters under various treatments indicated that an irrigation level of 50% ET c with organic mulching determined a growth which was always not statistically different from that promoted by 75% ET C . Thus sustained deficit irrigation (SDI) of 50% ET c at this stage of growth of the trees could be an effective as well as economic approach towards saving scarce irrigation water resources without important reduction of tree growth by exploiting the good interaction between this level of irrigation and the application of mulch. As the drought tolerance and water requirements varies at different development phases of the trees, a continued investigation of growth performance of olive trees under various irrigation regime throughout its life cycle would be beneficial in optimizing the irrigation schedules applied for olive orchards under Kuwait's harsh environmental conditions.
